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Examiners’ Reports on Doctoral Thesis 
 
【論文審査】 Summary and Review of the thesis 
  
The thesis titled “SYNTHESIS OF BIODEGRADABLE NANOPARTICLES AS A 
SUITABLE STRATEGY FOR THE TREATMENT OF INFLAMMATORY BOWEL DISEASE 
AND COLON CANCER” by Eden Mariam Jacob is mainly regarding the development of nanodrugs 
based on Garcinol (GAR), which is a naturally occurring poly-isoprenylated phenolic compound 
showing antiproliferative, antioxidant and anti-inflammatory nature; encapsulated in pH-sensitive 
biopolymer Eudragit against inflammatory bowel disease and colon cancer. She developed highly 
biocompatible nanoparticles (NPs) from Pectin for drug delivery applications too.  
 
Inflammatory bowel disease (IBD) is emerging as one of the global diseases of the 21st century 
not only in highly developed countries in North America and Europe but also conquering the newly 
industrialized countries in Asia as well affecting nearly 5 million people worldwide with almost $ 6 
billion spent (2017) on treatments and occurs most often in patients 15 to 30 years of age. The vast 
increase in IBD occurrence globally suggests the influence of environmental factors like diet, hygiene, 
pollutants, and microflora along with genetic variations. Globally, colon cancer (CC) is considered 
the third most commonly diagnosed cancer in males and found to be second in females, with nearly 
1.8 million total cases reported by 2018. To these, an estimated 104,610 cases were added in 2020. 
Individuals with IBD are at high risk of developing colon cancer. Uncontrollably increased 
inflammation and oxidative stress conditions can result in cellular damage and neoplastic 
transformations. Conventional therapies that are being used in the last 15 years, providing a remission, 
however, showing severe side effects. Since nanomedicine therapy has been demonstrated in 
experimental studies to be more resourceful in targeted therapy, reduced systemic toxicity, and 
minimized loading of the drug for oral delivery. Hence, Ms. Eden Mariam Jacob developed nanodrugs 
that can be highly effective against IBD and CC without any side effects. This nanomedicine therapy, 
highly praised for its effective targeting and reduced toxicity, will be suitable for the treatment of IBD 
and be a preventive measure to the development of colorectal cancer.  
 




 Chapter 1, titled “Inflammatory bowel disease: the emergence of new trends in lifestyle and 
nanomedicine as the modern tool for pharmacotherapy” provides a broad understanding of the 
epidemiology genetic, microbial, and environmental influences in the development of chronic 
inflammation that reciprocates into IBD and its associated colon cancer and the conventional 
therapies currently used for the treatment of the diseases. This chapter details the advantages of 
utilizing nanoparticles for overcoming the various hindrances caused by current therapies. The 
different approaches in nano therapy involve tackling various barriers in the gastrointestinal tract 
(GIT) by developing pH-sensitive, biodegradable, surface charge-dependent, ROS reactive, and 
active targeting of NPs.  
 
Chapter 2 details the principle and operation of “Instrumentation” tools and methodology that 
Ms. Eden has utilized in her study. This chapter describes various techniques such as SEM, TEM, 
FTIR, XPS, and other instruments to characterize the synthesized nanoparticles. For the in vitro cell 
culture studies, she incorporated cytotoxicity assay, cellular uptake, optical microscopy, and other 
instruments to understand the influence of the developed NPs in imparting cytotoxic effects in cancer 
cells. 
 
In Chapter 3, “Synthesis and characterization of citrus-derived pectin nanoparticles based on 
their degree of esterification” she mentions the development of NPs using a natural, biodegradable, 
and low toxic polysaccharide found in the peel of citrus fruits, apple, and potato. The citrus pectin is 
commercially available in three forms traditionally based on their degree of esterification. Ms. Eden 
studied the formation of NPs using the three types of citrus by ionotropic gelation method using 
magnesium ion (Mg2+) as the crosslinker. The fabricated NPs characterized using SEM, TEM FTIR, 
and XPS to study the morphology and surface chemistry. The NPs were found to be rod-shaped and 
smooth-surfaced with an average size of 700-900nm. She treated the NPs with THP-1 macrophages 
to check its biocompatibility nature and found that these NPs are high biocompatible nature and hence 
concluded that pectin promises as a potential nanocarrier for hydrophobic drugs in oral delivery 
systems. 
 
Chapter 4, titled “Development of pH-sensitive and biodegradable nanoparticles based oral 
drug delivery for the treatment of inflammatory bowel disease” discusses the development of pH-
sensitive NPs for oral delivery in the treatment of IBD. She employed pH-sensitive strategy to prevent 
the loss of the drug in the upper GIT, where the pH is low and highly acidic. Biocompatible PLGA 
polymer, usually used to encapsulate the hydrophobic drugs to make them highly biocompatible, 
tends to degrade in such acidic pH. Hence, Ms. Eden coated the PLGA with Eudragit S100, which is 
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a special biocompatible polymer having an interesting property not to degrade at acidic, low pH but 
degrades at normal pH to protect any leakage of drugs at the undesired destination. She used the drug 
garcinol (GAR) loaded PLGA coated with ES100 NPs (GAR-PENP) for ameliorating inflammation 
in IBD. GAR-PENP had improved aqueous solubility compared to the free drug and had an average 
size of 268 nm. With the pH-sensitive coating using ES100, she ensured that the drug would be 
released in a sustained manner and reduce inflammation in the inflamed cells. To study the reduction 
of the inflammation in cells, she induced inflammation in CACO-2 cells using a proinflammatory 
cocktail comprising of TNF𝛼, IL-6 proteins and lipopolysaccharide (LPS). The anti-inflammatory 
effect of GAR-PENP has also been conducted to reduce the expression of NF-𝜅 B and TNF𝛼 in 
inflamed CACO-2 cells within a period of 48 hours. The anti-inflammatory effect of the NPs was 
also estimated using lactate dehydrogenase (LDH) assay and myeloperoxidase (MPO) assay and 
demonstrated a reduction in both activities. Thus, the fabrication of GAR-PENP with the pH-sensitive 
coating using ES100 promises sustained release of the drug at the colon pH and reduced inflammation 
in the inflamed cells 
 
In Chapter 5, titled “Oral delivery of garcinol loaded Eudrgait100 coated PLGA nanoparticles 
for the treatment of colon cancer” Ms. Eden reports the preventive strategy that she employed to 
tackle colorectal cancer that arises due to ill-treatment and complication of IBD. NF-𝜅B pathways 
trigger inflammatory factors like TNF 𝛼  and IL-6, leading to extreme tissue damage due to 
uncontrollable inflammation. NF-𝜅B is also known to inhibit apoptosis by regulating anti-apoptotic 
proteins and even by inducing caspase-9 activation and reduce the accumulation of reactive oxygen 
species (ROS). She designed a GAR loaded PLGA NP coated with ES100 that can withstand 
degradation in the upper GIT and induce cytotoxicity in cancer cells.  
  
In Chapter 6, titled “Conclusions”, the final chapter, Ms. Eden compiled the results obtained 
from her studies and concluded very well, stating the importance of her work that can bring in 
treatment of IBD can Colon Cancer in the near future  
 
 
【審査結果】 Examination Results 
  
 
The thesis, “SYNTHESIS OF BIODEGRADABLE NANOPARTICLES AS A SUITABLE 
STRATEGY FOR THE TREATMENT OF INFLAMMATORY BOWEL DISEASE AND COLON 
CANCER” submitted by Eden Mariam Jacob describes, the use of Garcinol, pH-sensitive Eudragit 
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polymer, and Pectin for the nanoformulations to develop Nanodrugs to work against Inflammatory 
bowel disease (IBD) and to kill colon cancer cells.  
  
The results shown in the thesis are outstanding, and the significant points in the present study are 
summarised below; 
 
1. Developed Nanoparticles of Pectin, which is highly biocompatible that can be used for oral 
drug delivery applications.  
2. Developed Garcinol (GAR) encapsulated -PLGA and Eudragit coated Nanoparticles against 
inflammatory bowel disease. These nanoformulations are pH sensitive and will release the 
drug only at normal pH, which would be good and highly effective in reducing inflammation. 
3. Developed Garcinol (GAR) encapsulated -PLGA and Eudragit coated Nanoparticles against 
Colon Cancer. This drug proved to be highly effective in killing Colon Cancer cells.   
4. Found that Garcinol (GAR) encapsulated -PLGA and Eudragit coated Nanoparticles works 
against IBD and Colon Cancer, by dose depended manner of Garcinol content in the 
nanoformulations. It works against IBD at the low dose, and at the high dose, it works against 
Colon Cancer cells.  
 
Ms. Eden has already published 2 first author papers and 1 more paper communicated to an 
international journal. One of her papers published as a cover page article shows the importance of her 
work. She will be submitting one more paper soon. The results obtained in this study have been 
presented at 3 international conferences and symposia. Based on her work, she already received the 
Inoue Enryo funding award from the university to conduct her work, which clearly shows the 
appreciation of the quality of her work.   
 
Judging by the results shown in the thesis, the number of international papers published so far, and 
the number of presentations at international conferences and symposia, the level of the research 
results is definitely high by international standards, and the present results may well make an 
outstanding contribution to the development of new drug formulations and its applications against 
IBD and Colon Cancer. In conclusion, the thesis is considered to be a high quality, high standard one 
by international standards. 
 
 
 
